Abstract. Colorectal cancer (CRC) is the most common malignant tumor type and has become resistant to 5-fluorouracil (5-FU) in recent decades, which is one of the most popular therapies. Recently, microRNA (miRNA or miR) has been investigated as a potential therapeutic strategy for CRC.
Introduction
Colorectal cancer (CRC) is the most common gastric and intestinal malignant tumor type. Epidemiological studies of CRC have demonstrated that the incidence and mortality rates of CRC are comparable with those of gastric cancer, esophageal cancer and primary liver cancer, all of which affect the digestive system (1) . CRC is also a common cause of cancer-associated mortality and is responsible for ~10% of cancer cases worldwide (2, 3) . CRC, along with other types of cancer, is defined by different stages depending on the presence of cancer-positive lymph nodes. The 5-year overall survival rate of CRC patients at stage I-II of the disease is ~90%, but for patients with stage III of the disease it is ~60% and for stage IV only ~8% (4, 5) . Currently, surgical resection and chemotherapy remain the most popular options for CRC treatment (6) . Chemotherapy is not suitable for certain patients, due to their age, complications or side effects. Therefore, numerous patients suffer from relapse in stage III of CRC (6) . Extensive investigations have been performed to identify diagnostic biomarkers for CRC or novel molecular therapies to replace certain treatments prone to chemoresistance (7) (8) (9) . It has been reported that a substantial number of molecules and complicated signaling pathways are involved in the occurrence and development of CRC, including the activation of oncogenes, inactivation of tumor suppressor genes and epigenetic modifications (10) (11) (12) . The elucidation of CRC pathogenesis, examining the molecular dynamics and targeting of molecular abnormalities in CRC are popular areas of research. The role of microRNAs (miRNAs or miRs) has attracted the attention of numerous researchers (13) . miRNAs are a class of endogenous short non-coding RNAs that consist of 19-25 nucleotides. Bioinformatics and cloning studies have demonstrated that miRNAs serve key functions in regulating the expression and function of various genes and proteins by binding to their target genes. It has been estimated that miRNAs may regulate 1/3 of all human genes and control hundreds of target genes (14, 15) . Previous evidence has indicated that miRNAs regulate proliferation, invasion, migration, angiogenesis and epithelial-mesenchymal transition through degradation of target mRNAs via binding to the 3' untranslated region (3'UTR) (16, 17 (18) (19) (20) (21) (22) . However, extensive investigation is required to clarify the underlying mechanism and function of these miRNAs in CRC. Numerous decades ago, PDCD4 was identified as a novel tumor suppressor gene. Overexpressed PDCD4 was sufficient to inhibit the neoplastic transformation induced by tissue plasminogen activator (23, 24) . Researchers have demonstrated that one of the major functions of PDCD4 is to inhibit the translation process by interacting with the translation initiation factors, eukaryotic initiation factor-4A and the eukaryotic translation initiation factor-4 G, partly by inhibiting their helicase activity (24, 25) . Furthermore, studies in cultured ovarian cancer cells have suggested that PDCD4 suppresses proliferation and progression of the cell cycle, in addition to inducing apoptosis (25) (26) (27) . Notably, phosphorylated Akt (p-Akt) is functionally associated with the shuttling of PDCD4 between the cytoplasm and the nucleus through its ability to phosphorylate PDCD4 at positions Ser67 and Ser457 (27, 28) . PDCD4 is an effector of the phosphorylated 3-kinase (PI3K)/Akt signal pathway, which activates tumorigenesis (28) (29) (30) (31) (32) . To the best of our knowledge, the present study is the first to demonstrate that PDCD4 is a target of miR-1260b.
In the present study, the effect of miR-1260b inhibitor on the proliferation and migration of the CRC cell line HCT116 was investigated. PDCD4 was demonstrated to be a direct target of miR-1260b through bioinformatics and dual-luciferase reporter assay. In addition, the present study demonstrated that miR-1260b inhibitor could enhance the chemosensitivity of CRC cells to 5-fluorouracil (5-FU). Finally, the current study may provide the basis for a novel therapeutic strategy for CRC by elucidating the underlying mechanism of combined therapy.
Materials and methods
Patient recruitment and tissue sample collection. A total of 30 pairs of fresh CRC and adjacent normal tissues were collected from the Changzhi People's Hospital (Changzhi, China) and the Hospital of Chinese People's Liberation Army (Taiyuan, China) from January 2017 to January 2018. Clinical information, including diagnosis, tumor size, pathological stage and lymphatic metastasis, was reviewed for all enrolled patients (n=30). Patients who had previously received chemotherapy or radiotherapy were excluded from the present study. Among the 30 patients with CRC, the age was between 45-60 years old (median age of 56 years) with a 0.54: 1, male to female ratio. For all patients, samples were collected intraoperatively and flash frozen in liquid nitrogen, then stored at -80˚C until subsequent RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis. The use of human tissue for mRNA detection was approved by the Changzhi People's Hospital Ethics Committee (Changzhi, China). All recruited patients provided informed consent for participation.
Cell culture. The human colorectal cancer cell lines, HCT116 and SW480, were purchased from Stem Cell Bank, Chinese Academy of Sciences (Shanghai, China). The cells were cultured in RPM-1640 (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) supplemented with 10% fetal bovine serum (Thermo Fisher Scientific, Inc., Waltham, MA, USA) and ampicillin (20 µg/ml; Sigma-Aldrich; Merck KGaA) at 37˚C with 5% CO 2 in a humidified cell culture incubator (Sanyo Tokyo Manufacturing Co., Ltd, Tokyo Japan).
Cell transfection. HCT116 cells (3x10 5 ) or SW480 cells (2x10 5 ) were plated in 6-well plates and, once the cells reached 70% confluency, they were transfected with 100 nM miR-1260b inhibitor (sequence: 5'-AUG GUG GCA GUG GUG GGA U-3') or negative control (sequence: 5'-UAC AAA CGU CAC GGC GUA-3') for 4 h (GenePharma, Shanghai, China) using Lipofectamine 2000 reagent (Thermo Fisher Scientific, Inc.) at 37˚C with 5% CO 2 in a humidified cell culture incubator, according to the manufacturer's protocol. Following transfection, cells were cultured at 37˚C until sampling. The cells were sampled at the indicated time points for the following experiments analysis, including the validation of cell proliferation at 24, 48 and 72 h, and the measurement of protein or RNA expression at 72 h.
MTT assay. The reduction of MTT by metabolically active cells was used as a measure of proliferation. An MTT assay kit (Beyotime Institute of Biotechnology, Shanghai, China) was used to measure proliferation from day 1-3, following the manufacturer's protocol. Briefly, 5x10
3 HCT116 or SW480 cells in the logarithmic phase were seeded into 96-well plates in triplicate. A volume of 200 µl/well miR-1260b, 5-FU or insulin-like growth factor 1 (IGF1) was added to the plate when cells were completely adherent at 24 h, and the cells were cultured at 37˚C (5% CO 2 ) for a further 48 h. MTT (20 µl; 5 mg/ml; (Beyotime) solution was added to each well at 24, 48 and 72 h post miR-1260b inhibitor or negative control transfection. The cells were incubated for an additional 4 h. At the end of incubation, the supernatants were removed with a pipette. Prior to reading under a microplate reader, 150 µl dimethyl sulfoxide (Sigma-Aldrich; Merck KGaA) was added into each well. The proliferation rate was calculated by measuring optical density (OD) at a wavelength of 480 nm.
Transwell cell migration assay. The in vitro cell migration assay was performed according to the method used by Justus et al (33) . Briefly, 100 µl HCT116 cells (3x10 6 cells/well) transfected with miR-1260b inhibitor or negative control were plated in the upper chamber of a transwell (Corning Incorporated, Corning, NY, USA) inserted in a 24-well plate. When the cells had settled, 600 µl in RPMI-1640 media supplemented with 30% fetal bovine serum, was added into the lower chamber of the 24-well plate. At 48 h, the cells that had not migrated from the top of the membrane were removed carefully and the migrated cells were fixed with 4% paraformaldehyde at room temperature for 30 min. Removing the paraformaldehyde, the cells were stained with 1 mg/ml crystal violet solution (Thermo Fisher Scientific) at room temperature for 4 h. Following washing 3 times with pure water, the cells in 4 different fields of view were counted under a light microscope at the magnification of x10 and the average number of cells was determined. Since HCT116 cells were more sensitive to miR-1260b inhibitor than SW480 cells, HCT116 cells were selected for subsequent experiments.
Flow cytometric analysis of apoptosis. Apoptotic rate was analyzed using the Annexin V-FITC kit and propidium iodide (PI) (Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. Briefly, 1x10
6 HCT116 cells were plated in 100-mm dishes (Corning Incorporated, Corning, NY, USA) and then transfected with miR-1260b inhibitor or mock vector or 5-FU. At 48 h, the cells were lysed and collected following two washes with cold PBS and re-suspended in 500 µl binding buffer. Then, cells were stained with annexin V-fluorescein isothiocyanate (FITC) and PI for an additional 5 min incubation at room temperature prior to assessment with a flow cytometer (BD, Biosciences, Inc). The data analysis was used ModFit LT™ (version 5.0, Verity Software House, Topsham, ME, USA). For each group, the samples were measured in triplicate.
Predicted target analysis of miR-1260b. MiRecords (http://c1.accurascience.com/miRecords/) is an online database of animal miRNA-target interactions containing validated and predicted targets. The predicted targets are based on the results of multiple miRNA target predication tools, including DIANA-microT, MicroInspector and miTarget. The potential targets of miR-1260b were predicted using two algorithms on MiRecords (version 4).
3'UTR-luciferase reporter gene assay. PDCD4-WT (wildtype)
and PDCD4-MT (mutant) were purchased from Genewiz and carried the PDCD4 sequence containing the wild-type or mutant 3'UTR predicted of the miR-1260b binding sites. A total of 1x10 5 HCT116 cells were seeded to each well in a 24-well plate and cultured at 37˚C (5% CO 2 ) overnight. HCT-116 cells were then transfected with 2.5 ng/µl PDCD4 vector or mutant vector using Lipofectamine 2000 reagent (Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. After 4 h, 50 nM of miR-1260b mimic, control or 5-FU was transfected into the cells which were at ~50% confluence. After 48 h, cells were lysed and the luciferase activities were analyzed using a dual luciferase assay kit (Promega, Madison, WI, USA) and the normalized luciferase activity was calculated with the ratio of firefly luciferase activity to Renilla luciferase activity.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis. HCT116 cells were collected and total RNA was isolated from these cells or from tumor tissues using A PicoPure™ RNA Isolation kit (Arcturus, Sunnyvale, CA, USA), according to the manufacturer's protocol. First, 2 µg of mRNA was reverse transcribed into cDNA using SuperScript™ III first-strand synthesis system kit (Thermo Fisher Scientific, Inc.), according to manufacturer's protocols. Then, qPCR was performed with TaqMan (Thermo Fisher Scientific, Inc.) primers for miR1260b (Cat# 4426961, Thermo Fisher Scientific, Inc.) and GAPDH (cat#4331182, Thermo Fisher Scientific, Inc.). The Vii™ 7 system (Bio-Rad Laboratories, Inc., Hercules, CA, USA) was used to run the qPCR procedure, according to the manufacturer's protocol. The qPCR procedure includes two stages: Hold stage and PCR stage. The briefly procedure as follows:
Step 1: Heating from 25 to 95˚C at a rate of 1.6˚C/s, holding for 2 min at 50˚C.
Step 2: Heating from 50 to 95˚C at a rate of 1.6˚C/s, holding for 10 min at 95˚C. For qPCR stage:
Step 1: Initial denaturation at 95˚C for 15 s.
Step 2: Annealing extension at 60˚C for 1 min. The temperature was reduced from 95 to 60˚C at the rate of 1.6˚C/s; the denaturation and extension stages were repeated for 40 cycles. The expression of mRNA was quantified using the 2 -ΔΔCq method (34) and normalized to the internal reference gene, GAPDH.
Western blot analysis. Following treatment with miR1260b inhibitor with or without 5-FU for 48 h, HCT116 cells were collected. The cells were lysed in radioimmunoprecipitation assay buffer (Sigma-Aldrich; Merck KGaA). Protein concentration was quantified using a BCA Protein Assay kit (Beyotime Institute of Biotechnology). Total protein (30 µg) from each group was loaded and resolved by 10% Tris-SDS-PAGE. Following electrophoresis, the gel was electro-transferred to polyvinylidene fluoride membranes (Thermo Fisher Scientific, Inc.). The following blocking and antibody incubations were performed according to the iBind kit (Thermo Fisher Scientific, Inc.) manufacturer's protocol. Briefly, primary antibodies were incubated at room temperature for overnight. Statistical analysis. GraphPad Prism7 (GraphPad Software, Inc., La Jolla, CA, USA) was used to perform the two-tailed Student's t-test or one-way ANOVA followed by Dunnett's test to determine the difference between groups. P<0.01 and P<0.05 was considered to indicate a statistically significant difference. All experiments were performed in triplicate and data are presented as the mean ± standard deviation.
Results

miR-1260b inhibitor inhibits CRC-cell proliferation and migration.
A total of 30 patients diagnosed with CRC were enrolled in the present study. The miR-1260b expression level in CRC tissues and adjacent normal tissues was determined by RT-qPCR. The results indicated that miR-1260b was overexpressed in CRC tissues compared with adjacent normal tissues (P<0.01; Fig. 1A) . In order to explore the biological role of miR-1260b in CRC cells, miR-1260b inhibitor or negative control were transiently transfected into HCT116 or SW480 cells. Subsequently, the proliferation and migration of HCT116 cells was detected at 24, 48 and 72 h using an MTT assay and migration assay, respectively. As indicated in Fig. 1B , miR-1260b inhibitor significantly inhibited proliferation of HCT116 and SW480 cells, particularly at 72 h. Since HCT116 cells were more sensitive to miR-1260b inhibitor compared with SW480 cells, HCT116 cells were selected for subsequent experiments. The cell density was decreased in miR-1260b inhibitor transfected HCT-116 cells group compared with that in the control group (Fig. 1C) . Similarly, a reduced number of cells was observed in the migration assays following transfection with miR-1260b inhibitor ( Fig. 1D and  E) . These results indicated that miR-1260b inhibitor exerted anti-proliferation and anti-migration effects on HCT116 cancer cells.
miR-1260b induces CRC-cell proliferation by targeting PDCD4.
Bioinformatics tools were used to clarify the underlying mechanisms of anti-proliferation and anti-migration effects of miR-1260b on human CRC cells. PDCD4 exhibited the highest prediction score. It is well known that PDCD4 is a suppressor of the apoptosis signalling pathway (35, 36) . Therefore, it was important to validate whether PDCD4 is a direct target of miR-1260b. Wild-type and mutant PDCD4-3'UTR expression plasmids were constructed, which were fused with a luciferase reporter gene ( Fig. 2A) . The results indicated that miR-1260b could significantly inhibit the luciferase activity of wild-type PDCD4 compared with the control (P<0.01). However, there was no difference between the control group and the miR-1260 treatment group when PDCD4 was mutated (Fig. 2B) . Thus, these findings suggested that PDCD4 was a direct target of miR-1260b.
miR-1260b inhibitor enhances 5-FU-induced apoptotic rate in HCT116 cells.
Apoptotic cells were detected with PI/Annexin V staining, in order to investigate the biological function of the miR-1260b inhibitor on CRC-cell proliferation and migration. In order to determine whether there was a synergistic effect with treatment with of miR-1260b inhibitor and 5-FU on the anti-proliferation and induction of apoptosis effects, the MTT and flow cytometry assays were conducted following 5-FU treatment alone or in combination with miR-1260b inhibitor. The results indicated that 5-FU alone or miR-1260b inhibitor alone significantly decreased the proliferation rate of HCT116 cells compared with the vehicle control group. However, the proliferation rate was lowest in the combination group (P<0.05 vs. control group, P<0.01 vs. 5-FU alone treatment group (Fig. 3A) . This synergistic effect was also observed in apoptosis. These data indicated that miR-1260b inhibitor with 5-FU treatment significantly induced apoptosis of HCT116 cells, which may be due to miR-1260b enhancing the chemosensitivity of HCT116 cells to 5-FU [P<0.01 vs. 5-FU alone treatment group (Fig. 3B) ].
Flow cytometry results demonstrated that miR-1260b inhibitor could induce apoptosis of HCT116 cells (Fig. 3C) .
miR-1260b inhibitor enhances the chemosensitivity of HCT-116 cells to 5-FU due to downregulation of PDCD4 expression.
In order to investigate the anti-proliferation mechanisms of miR-1260b inhibitor in HCT116 cells, the expression of apoptosis-associated proteins was evaluated, as well as that of the target protein PDCD4. It was identified that PDCD4 expression was significantly decreased in the 5-FU (P<0.05), miR-1260b (P<0.01) or combination (P<0.01) groups compared with the vehicle control group (Fig. 4A and B) . In addition, downregulation trends were identified for the apoptosis-associated proteins, p-Akt and p-ERK, following treatment with miR-1260b inhibitor or combined miR-1260b and 5-FU (Fig. 4A, C and D) .
These results indicated that miR-1260b increased HCT116-cell apoptotic rate via blocking the p-Akt and p-ERK pathways.
miR-1260b inhibitor enhances the chemosensitivity of HCT116 cells to 5-FU via downregulation of the PI3K/Akt pathway.
As indicated in Fig. 5 , a rescue experiment was conducted by adding insulin-like growth factor 1 (IGF1) to activate the PI3K/Akt pathway. Protein expression levels of p-Akt and p-ERK were detected when HTC116 cells were treated with IGF1 by western blot analysis (Fig. 5A) . The MTT assay demonstrated that IGF1 could significantly increase HCT116 proliferation rate compared with the 5-FU and miR-1260b combination treatment group (P<0.01; Fig. 5B ). Western blotting indicated that the p-Akt and p-ERK protein expression levels in the IGF-1 group were increased compared with the 5-FU and miR-1260b combination group (Fig. 5C) . These results demonstrated that IGF1 rescued the effect induced by miR-1260b inhibitor and 5-FU. Therefore, it was revealed that the underlying mechanism of miR-1260b inhibitor induced suppression of HCT116 proliferation involved in blocking the PI3K/Akt pathway.
Discussion
Previous research has been conducted regarding CRC prevention and diagnosis, as well as the biological, genetic or epigenetic changes of CRC, in order to develop novel biomarkers or therapies for CRC treatment (7, 11) . Amounting evidence has revealed that aberrant miRNA expression serves a functional role in CRC initiation and progression (16) . In a previous review of miRNA expression studies, it was reported that ≥164 miRNAs have been demonstrated to be significantly dysregulated in CRC compared with adjacent normal tissues, including miR-17-92 cluster, miR-31, miR181b, miR-21, miR-135a/b and miR-224 (16) . Multiple miRNAs have been reported to be associated with CRC initiation, development and progression, including miR-21, which is expressed during the transition from adenoma to advanced carcinoma (37) . Therefore, miR-21 has been identified as an important oncogenic miRNA with roles in tumor initiation, progression and metastasis. However, an association between miR-1260b and CRC has also been reported (21) . Navarro-Quiroz et al (38) , reported that miR-1260b was overexpressed in human blood dendritic cells. Hirata et al (22) demonstrated that miR-1260b could promote renal cancer cell proliferation and invasion. In addition, the group identified that genistein could achieve its anti-tumor effect via downregulation of miR-1260b expression and targeting of Smad4 in prostate carcinoma (39) . It has been reported that miR-1260b is associated with the development of non-small-cell lung cancer (40) . In addition, miR-1260b expression has been demonstrated to be increased in CRC tissues, particularly in patients with positive lymph nodes (21) . Therefore, miR-1260b may be involved in a variety of cancer cell activities. Furthermore, Nordentoft et al (41) studied the association between miRNA and chemosensitivity in advanced bladder cancer by RNA profiling, and indicated that overexpression of miR-138 could increase the chemosensitivity of RT4 and CLR2169 bladder cancer cells to cisplatin. Valeri et al (42) reported that elevated miR-21 could induce chemoresistance to 5-FU in colon cancer cell lines. In summary, the patients of miR-1260 in chemotherapy response provides a novel direction for CRC investigation.
The present study focused on the underlying mechanism of miR-1260b regulation of CRC-cell proliferation and invasion, as well as its function in the chemosensitivity of CRC to 5-FU. It was identified that miR-1260b was expressed at higher levels in CRC tissues compared with adjacent normal tissues. Furthermore, inhibition of HCT116-cell proliferation and invasion by the miR-1260b inhibitor demonstrated, as well as revealed an increased apoptotic rate. In addition, PDCD4 was identified as a validated target of miR-1260b. PDCD4 protein expression level was markedly decreased by miR-1260b inhibitor, along with downregulated p-Akt and p-ERK protein. PDCD4 is a 64 kDa protein that is preferentially expressed in tumor promoter-resistant cells, but has been indicated to be suppressed in tumor promoter-sensitive cells undergoing neoplastic transformation (23) . PDCD4 protein expression has been suggested to be increased during apoptosis in response to different inducers, including retinoic acid, and has been demonstrated to be regulated by topoisomerase inhibitors, cyclooxygenase-2 inhibitors, Myb and Akt (43) (44) (45) (46) . Lankat-Buttgereit et al (46) demonstrated that the suppression of PDCD4 protein expression could enhance the release of CgA and SgII, which have been identified as diagnostic markers of neuroendocrine tumors. The stimulation of these markers by low levels of PDCD4 was demonstrated to mediated by activation of Akt via the PI3K pathway. Notably, Mudduluru et al (47) reported that p-Akt expression and translocation of PDCD4 from the nucleus to the cytoplasm was inversely correlated with PDCD4 levels in colon carcinoma samples. However, above phenomena was not demonstrated in the normal adjacent tissue. These findings indicate that the interplay between PDCD4 and p-Akt serves a critical function in tumor suppression.
In the present study, it was identified that miR-1260b inhibitor could enhance the chemotherapy response of HCT116 cells to 5-FU via blocking the PI3K/Akt pathway. These trends were disrupted by treatment with IGF1, which serves as an activator of the PI3K/Akt pathway. Depending on the cell type, previous studies have demonstrated that IGF1 promotes neuronal survival, maturation and cell cycle progression, by activating the PI3K/Akt and/or Ras/MAPK pathway (48, 49) . These findings may provide a novel combination therapy for future CRC treatment.
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